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250

\ INSERTING A PILOT-HOLE FINDER OF A CLAMP INTO 252
APILOT-HOLE OF APART SO THAT THEPILOT-HOLE | /
FINDER EXTENDS INTO A FIRST POSITION WITHIN
THE PILOT-HOLE

!

CLAMPING THE PART WITH A CLAMP BY MOVING A 254
LOWER CLAMP ARM RELATIVE TO AN UPPER CLAMP ARM |
WITH AT LEAST ONE PNEUMATIC CYLINDER TO CLAMP
THE PART BETWEEN THE UPPER AND LOWER ARMS

!

ROTATING A SPINDLE OF A POSITIVE-FEED MOTOR
AROUND A SPINDLE AXIS; ROTATING, WITH THE
SPINDLE, A PLURALITY OF GEARS OF A GEARBOX
AOUND DIFFERENT OFFSET AXIS; ROTATING, WITH THE 256
PLURALITY OF GEARS, A DRILL-BIT AROUND A
DRILL-BIT AXIS OFFSET FROM THE SPINDLE AXIS;
SIMULTANEOUSLY TRANSLATING THE SPINDLE, THE
GEARBOX, AND THE DRILL-BIT IN ADIRECTION
PARALLEL TO THE SPINDLE AXIS AS THE SPINDLE
ROTATES AROUND THE SPINDLE AXIS

258
EXTENDING THE DRILL-BIT THROUGH A HOLE IN |/
THE UPPER CLAMP ARM TO DRILL THE PART

!

AFTER DRILLING THE HOLE, CONTACTING AND
COMPRESSING THE PILOT-HOLE FINDER, WITH THE /260
DRILL-BIT, INTO A SECOND POSITION: TURNING OFF

THE POSITIVE-FEED MOTOR AND/OR RETRACTING
THE CLAMP FROM THE PART

FIG. 4
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1
LIMITED VERTICAL ACCESS DRILLING
MACHINE

FIELD OF THE DISCLOSURE

The disclosure relates to positive-feed drilling machines.
BACKGROUND OF THE DISCLOSURE

Positive-feed drilling machines simultaneously feed (or
translate) the drill-bit as it rotates to drill a hole in a part.
Typically, positive-feed drilling machines require two times
the length of the drill-bit in vertical clearance. This is due to
the fact that the spindle of the positive-feed drilling machine
is in-line with the drill-bit. This can be problematic when a
hole needs to be drilled in a part having limited vertical
access.

A positive-feed drilling machine is needed which will over-
come one or more issues of one or more of the current posi-
tive-feed drilling machines.

SUMMARY OF THE DISCLOSURE

In one embodiment, a positive-feed drill motor assembly
includes a positive-feed motor, a gearbox, and a drill-bit. The
positive-feed motor includes the spindle which rotates around
a spindle axis and simultaneously translates in a direction
parallel to the spindle axis. The gearbox includes a plurality of
gears rotated by the spindle with the plurality of gears con-
figured to engage and rotate a drill-bit around a drill-bit axis
which is offset from the spindle axis. The gearbox and a
drill-bit attached thereto are configured to simultaneously
translate with the spindle in the direction parallel to the
spindle axis as the spindle rotates around the spindle axis.

In another embodiment, a positive-feed drill motor assem-
bly includes a positive-feed motor, a gearbox, and a drill-bit.
The positive-feed motor includes the spindle which rotates
around a spindle axis and simultaneously translates in a direc-
tion parallel to the spindle axis. The gearbox includes a plu-
rality of gears, each having a different axis of rotation, includ-
ing a driving gear rotated by the spindle, at least one
intermediary gear rotated by the driving gear, and a driven
gear rotated by the at least one intermediary gear. The driven
gear is configured to rotate a drill-bit around a drill-bit axis
which is offset from the spindle axis. The clamp includes an
upper clamp arm and a lower clamp arm which move relative
to one another. The gearbox and a drill-bit attached thereto are
configured to simultaneously translate with the spindle in the
direction parallel to the spindle axis as the spindle rotates
around the spindle axis.

In still another embodiment, a method of drilling is dis-
closed. In one step, a spindle of a positive-feed motor is
rotated around a spindle axis. In another step, a plurality of
gears of a gearbox is rotated with the spindle. In an additional
step, a drill-bit is rotated with the plurality of gears around a
drill-bit axis which is offset from the spindle axis. In yet
another step, the spindle, the gearbox, and the drill-bit are
simultaneously translated in a direction parallel to the spindle
axis as the spindle rotates around the spindle axis.

These and other features, aspects and advantages of the
disclosure will become better understood with reference to
the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a perspective view through one embodi-
ment of a positive-feed drill motor assembly;

20

40

45

50

55

65

2
FIG. 2 illustrates a cross-section view through line 2-2 of
the embodiment of FIG. 1;
FIG. 3 illustrates a cross-section through another embodi-
ment of a positive-feed drill motor assembly; and
FIG. 4 is a flowchart of one embodiment of a method of
drilling.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The following detailed description is of the best currently
contemplated modes of carrying out the disclosure. The
description is not to be taken in a limiting sense, but is made
merely for the purpose of illustrating the general principles of
the disclosure, since the scope of the disclosure is best defined
by the appended claims.

FIG. 1 illustrates a perspective view through one embodi-
ment of a positive-feed drill motor assembly 10. FIG. 2 illus-
trates a cross-section view through line 2-2 of the embodi-
ment of FIG. 1. As shown collectively in FIGS. 1 and 2, the
positive-feed drill motor assembly 10 comprises a positive-
feed motor 12, a foot attachment 13, a spindle 14, a plurality
of rails 16 (only one of which is shown), a gearbox 18, a
plurality of bearings 20 (only one of which is shown), a
plurality of gears 22, a drill-bit 24, a clamp 26, an upper clamp
arm 28, a lower clamp arm 30, a plurality of pneumatic
cylinders 32, a plurality of moveable rods 34, and a pilot-hole
finder 36.

The positive-feed motor 12 rotates the spindle 14 around a
spindle axis 14a and simultaneously translates the spindle 14
in a direction 145 parallel to the spindle axis 14a. The posi-
tive-feed motor 12 may comprise an off-the-shelf right-angle
positive-feed motor made by Lubbering under model #KIL -
57. In other embodiments, the positive-feed motor 12 may
comprise any type of positive-feed motor known to those of
ordinary skill in the art. The positive-feed motor 12 is con-
nected to the spindle 14 with the foot attachment 13. The
spindle 14 is attached to the gearbox 18. The gearbox 18
comprises the plurality of gears 22 rotated by the spindle 14.
The gears 22 comprise a driving gear 224, at least one inter-
mediate gear 225, and a driven gear 22¢, each having different
axis of rotation 22d, 22e, and 22f. In the embodiment of FIGS.
1 and 2, the gearbox 18 comprises exactly three gears 22
comprising exactly one driving gear 22a, exactly one inter-
mediate gear 225, and exactly one driven gear 22¢, however in
other embodiments the gearbox 18 may comprise any number
of gears 22.

The driving gear 22a is rotated by the spindle 14, the at
least one intermediate gear 225 is rotated by the driving gear
22a, and the driven gear 22c¢ is rotated by the at least one
intermediate gear 225. The driven gear 22¢ rotates the drill-bit
24 around a drill-bit axis 24a which is offset from the spindle
axis 14a. The spindle axis 14a is aligned with the axis of
rotation 22d of the driving gear 22a. The gearbox 18 further
comprises the plurality of bearings 20 (only one of which is
shown) moveably attached to the plurality of rails 16 (only
one of which is shown). In other embodiments, the positive-
feed drill motor assembly 10 may comprise any number of
bearings 20 or rails 16. The plurality of bearings 20 may
comprise linear bearings or other types of bearings. As the
spindle 14 is rotated around the spindle axis 14a and simul-
taneously translates in the direction 145 parallel to the spindle
axis 14a, the gearbox 18 and the drill-bit 24 simultaneously
translate with the spindle 14 in the direction 145 parallel to the
spindle axis 14a due to the plurality of bearings 20 (only one
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of which is shown) of the gearbox 18 translating in direction
145 along the plurality of rails 16 (only one of which is
shown).

The clamp 26 comprises the upper clamp arm 28 and the
lower clamp arm 30 which move relative to one another. The
upper clamp arm 28 is fixed in position relative to the rails 16
(only one of which is shown). The upper clamp arm 28 com-
prises a hole 28a through which the drill-bit 24 extends into,
and may later retract from, as the drill-bit 24 simultaneously
rotates and translates. The lower clamp arm 30 is moveably
attached to the rails 16 (only one of which is shown) with the
lower clamp arm 30 configured to move along the rails 16 in
the direction 145. The pneumatic cylinders 32 are attached to
the plurality of moveable rods 34 which are attached to the
lower clamp arm 30. The clamp 26 is powered by the pneu-
matic cylinders 32. The pneumatic cylinders 32 are adapted to
extend and retract the moveable rods 34 to move the lower
clamp arm 30 towards the upper clamp arm 28 to clamp a part
38 and to move the lower clamp arm 30 away from the upper
clamp arm 28 to unclamp the part 38. In other embodiments,
any number of pneumatic cylinders 32 and moveable rods 34
may be used.

The clamp 26 further comprises the pilot-hole finder 36.
The pilot-hole finder 36 is biased in direction 36a with spring
40. When the pilot-hole finder 36 is disposed in a first posi-
tion, in which the spring 40 is extended extending the pilot-
hole finder 36 into a pilot-hole 38a of the part 38, the pilot-
hole finder 36 may be pneumatically connected to the
positive-feed motor 12 to start the positive-feed motor 12 or to
allow the positive-feed motor 12 to be started. When disposed
in this same first position, the pilot-hole finder 36 may be
pneumatically connected to the clamp 26 to begin clamping
the part 38 with the lower clamp arm 30 moving towards the
upper clamp arm 28 against the part 38. When the pilot-hole
finder 36 is disposed in a second position, in which the spring
40 is compressed due to the drill-bit 24 drilling through the
part 38 contacting and compressing the pilot-hole finder 36 in
direction 365 thereby compressing the spring 40 in direction
3654, the pilot-hole finder 36 may be pneumatically connected
to the positive-feed motor 12 to turn off the positive-feed
motor 12 or to allow the positive-feed motor 12 to be turned
off. When disposed in this same position, the pilot-hole finder
36 may be pneumatically connected to the clamp 26 to retract
the clamp 26 from the part 38 by moving the lower clamp arm
30 away from the upper clamp arm 28 to unclamp the part 38.

FIG. 3 illustrates a cross-section through another embodi-
ment of a positive-feed drill motor assembly 100 having a
gearbox 118 comprising a plurality of gears 122 comprising
one driving gear 1224, three intermediate gears 1225, and a
driven gear 122¢. In the embodiment of FIG. 3, there are
exactly five gears 122 comprising exactly one driving gear
122a, exactly three intermediate gears 1225, and exactly one
driven gear 122¢. However in other embodiments the gearbox
118 may comprise any number of gears 122.

FIG. 4 is a flowchart of one embodiment of a method 250
of drilling. The method 250 may utilize any of the embodi-
ments disclosed in FIGS. 1-3 or any of the embodiments
detailed in the above description. In step 252 a pilot-hole
finder of a clamp may be inserted into a pilot-hole of a part so
that the pilot-hole finder extends into a first position within
the pilot-hole of the part. When the pilot-hole finder is dis-
posed in this first position, a positive-feed motor may be
started or a clamp may begin clamping the part. In step 254 a
clamp clamps the part. This may comprise moving a lower
clamp arm relative to an upper clamp arm with at least one
pneumatic cylinder to clamp the part between the lower and
upper clamp arms.
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In step 256 a spindle of a positive-feed motor may be
rotated around a spindle axis; a plurality of gears of a gearbox
may be rotated with the spindle around different offset axis; a
drill-bit may be rotated with the plurality of gears around a
drill-bit axis which is offset from the spindle axis; and the
spindle, the gearbox, and the drill-bit may be simultaneously
translated in a direction parallel to the spindle axis as the
spindle rotates around the spindle axis. Step 256 may further
comprise at least one bearing of the gearbox translating over
at least one rail. In one embodiment, the gearbox may com-
prise exactly three gears. In another embodiment, the gearbox
may comprise exactly five gears.

In step 258 the drill-bit may be extended through a hole in
the upper clamp arm to drill the part. In step 260 after drilling
a hole in the part the drill-bit may contact and compress the
pilot-hole finder into a second position. When the pilot-hole
finder is disposed in this second position, the positive-feed
motor may be turned off or the clamp may be retracted from
the part. In other embodiments, one or more of the steps of the
method 250 may be modified in substance or in order, not
followed, or one or more additional steps may be added.

One or more embodiments of the disclosure may reduce or
eliminate one or more issues experienced by one or more of
the current positive-feed drilling machines by reducing the
vertical clearance required to drill a hole in a part, or by
reducing or eliminating one or more other issues.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the disclosure and that
modifications may be made without departing from the spirit
and scope of the disclosure as set forth in the following
claims.

We claim:

1. A positive-feed drill motor assembly comprising:

a positive-feed motor comprising a spindle which rotates
around a spindle axis and simultaneously translates in a
direction parallel to the spindle axis;

a gearbox comprising a plurality of gears rotated by the
spindle, said plurality of gears configured to engage and
rotate a drill-bit around a drill-bit axis which is offset
from the spindle axis; and

a clamp comprising a pilot-hole finder, and an upper clamp
arm and a lower clamp arm which move relative to one
another, wherein when the pilot-hole finder is disposed
in a first position the pilot-hole finder starts the positive-
feed motor or begins clamping with the clamp and when
the pilot-hole finder is disposed in a second position the
pilot-hole finder turns off the positive-feed motor or
retracts the clamp;

wherein the gearbox and a drill-bit attached thereto are
configured to simultaneously translate with the spindle
in the direction parallel to the spindle axis as the spindle
rotates around the spindle axis.

2. The positive-feed drill motor assembly of claim 1
wherein the gearbox comprises three gears with a first gear
being rotated by the spindle, a second gear being rotated by
the first gear, and a third gear being rotated by the second gear
with the third gear configured to engage and rotate a drill-bit
around a drill-bit axis which is offset from the spindle axis.

3. The positive-feed drill motor assembly of claim 1
wherein the gearbox comprises five gears with a first gear
being rotated by the spindle, a second gear being rotated by
the first gear, a third gear being rotated by the second gear, a
fourth gear being rotated by the third gear, and a fifth gear
being rotated by the fourth gear with the fifth gear configured
to engage and rotate a drill-bit around a drill-bit axis which is
offset from the spindle axis.
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4. The positive-feed drill motor assembly of claim 1
wherein the gearbox further comprises at least one bearing
which is moveably attached to at least one rail.

5. The positive-feed drill motor assembly of claim 1
wherein the upper clamp arm comprises a hole through which
the drill-bit extends into, the upper clamp arm is fixed in
position to at least one rail, and the lower clamp arm is
moveably attached to the at least one rail.

6. The positive-feed drill motor assembly of claim 1
wherein the clamp is powered by at least one pneumatic
cylinder.

7. A positive-feed drill motor assembly comprising:

a positive-feed motor comprising a spindle which rotates
around a spindle axis and simultaneously translates in a
direction parallel to the spindle axis;

a gearbox comprising a plurality of gears, each having a
different axis of rotation, comprising a driving gear
rotated by the spindle, at least one intermediary gear
rotated by the driving gear, and a driven gear rotated by
the at least one intermediary gear, the driven gear con-
figured to rotate a drill-bit around a drill-bit axis that is
offset from the spindle axis; and

aclamp comprising an upper clamp arm and a lower clamp
arm which move relative to one another;

wherein the clamp further comprises a pilot-hole finder
which when disposed in a first position starts the posi-
tive-feed motor or begins clamping with the clamp and
when disposed in a second position the pilot-hole finder
turns off the positive-feed motor or retracts the clamp;

wherein the gearbox and a drill-bit attached thereto are
configured to simultaneously translate with the spindle
in the direction parallel to the spindle axis as the spindle
rotates around the spindle axis.

8. The positive-feed drill motor assembly of claim 7
wherein the gearbox comprises one driving gear, one inter-
mediary gear, and one driven gear.

9. The positive-feed drill motor assembly of claim 7
wherein the gearbox comprises one driving gear, three inter-
mediary gears, and one driven gear.
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10. The positive-feed drill motor assembly of claim 7
wherein the gearbox further comprises at least one bearing
which is moveably attached to at least one rail.

11. The positive-feed drill motor assembly of claim 7
wherein the upper clamp arm comprises a hole through which
the drill-bit extends into, the upper clamp arm is fixed in
position to at least one rail, and the lower clamp arm is
moveably attached to the at least one rail.

12. The positive-feed drill motor assembly of claim 7
wherein the clamp is powered by at least one pneumatic
cylinder.

13. A method of drilling comprising:

moving an upper clamp arm and a lower clamp arm of a

clamp relative to one another to clamp a part between the
upper clamp arm and the lower clamp arm;

rotating a spindle of a positive-feed motor around a spindle

axis;
rotating a plurality of gears of a gearbox with the spindle;
rotating a drill-bit with the plurality of gears around a
drill-bit axis which is offset from the spindle axis;

simultaneously translating the spindle, the gearbox, and
the drill-bit in a direction parallel to the spindle axis as
the spindle rotates around the spindle axis; and

starting the positive-feed motor or beginning clamping the

part with the clamp when a pilot-hole finder is disposed
in a first extended position in a pilot-hole of the part and
turning off the positive-feed motor or retracting the
clamp from the part when the pilot-hole finder is dis-
posed in a second compressed position as a result of the
drill-bit contacting and compressing the pilot-hole
finder after drilling through the part.

14. The method of claim 13 further comprising extending
the drill-bit through ahole in the upper clamp arm and drilling
into the part.

15. The method of claim 13 further comprising moving the
lower clamp arm relative to the fixed upper clamp arm with at
least one pneumatic cylinder.
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